In recent work done by Sun et al., the color variation of quasars, namely the bluer-when-brighter trend, was found to be timescale-dependent using SDSS g/r band light curves in the Stripe 82. Such timescale dependence, i.e., bluer variation at shorter timescales, supports the thermal fluctuation origin of the UV/optical variation in quasars, and can be well modeled with the inhomogeneous accretion disk model. In this paper, we extend the study to much shorter wavelengths in the rest frame (down to extreme UV), using GALaxy Evolution eXplorer (GALEX) photometric data of quasars collected in two ultraviolet bands (near-UV and far-UV). We develop Monte-Carlo simulations to correct possible biases due to the considerably larger photometric uncertainties in GALEX light curves (particularly in far-UV, comparing with SDSS g/r bands), which otherwise could produce artificial results. We securely confirm the previously discovered timescale dependence of the color variability with independent datasets and at shorter wavelengths. We further find the slope of the correlation between the amplitude of color variation and timescale however appears even steeper than that predicted by the inhomogeneous disk model, which assumes that disk fluctuations follow damped random walk process. In line with the much flatter structure function observed in far-UV comparing with that at longer wavelengths, this implies deviation from DRW process in the inner disk where rest frame extreme UV radiation is produced.
1. INTRODUCTION As a defining feature of quasars and active galactic nuclei (AGNs), variability starts to gain more attention because it holds otherwise inaccessible information of them. The energy source of these shinning sources is widely accepted to be dominated by the thermal radiation from the accretion disk (Shakura & Sunyaev 1973) . As suggested by the reverberation mapping projects (Peterson et al. 2004) , variability should be traced back to the inner parts of AGNs, including the accretion disk, which contributes optical and UV photons, and the presumed corona, which dominates over the X-ray band.
The corona is generally assumed to work as a light bulb above the disk and modulates radiation from the disk, encoding information about sizes and distances in the form of time lags between light curves in different photometric bands. This is the famous X-ray reprocessing model (Krolik et al. 1991) , and has been tested in great details with nearby Seyferts (Sergeev et al. 2005; McHardy et al. 2014; Edelson et al. 2015; Fausnaugh et al. 2016; Troyer et al. 2016) . The correlation analysis of inter-bands (Xray/UV/optical) light curves typically results in lags less than a few days (for a short review, see Lawrence 2012) , likely corresponding to light travel time. However, it should be kept in mind that X-ray only contributes to a small fraction of AGNs' total bolometric luminosity, especially for brighter ones (Strateva et al. 2005; Lusso et al. 2010; Grupe et al. 2010) , thus could be insufficient to produce the observed UV/optical variation (Gaskell 2008) .
Different mechanisms are involved to explain the observed UV/optical variation in AGNs. These include zff1991@mail.ustc.edu.cn, jxw@ustc.edu.cn changes in global accretion rates (Pereyra et al. 2006; Li & Cao 2008; Sakata et al. 2011; Zuo et al. 2012; Gu & Li 2013) , and the instability of the accretion disk (Kawaguchi et al. 1998; Czerny et al. 2003; Meusinger & Weiss 2013 ) with large temperature fluctuations (Dexter & Agol 2011; Schmidt et al. 2012; Ruan et al. 2014; Sun et al. 2014) .
Recent progresses on the UV/optical variability of AGNs show that it can be modeled by damped random walk (DRW) process (Kelly et al. 2009; Koz lowski et al. 2010; MacLeod et al. 2010; Zu et al. 2013) or even more complicated ARMA (autoregressive moving average) model (Kelly et al. 2014) . Furthermore, it is revealed that the variability behavior is wavelength dependent in the sense that the variation in bluer bands is stronger than that in redder ones. As a result, AGNs appear bluer when they get brighter. Such bluerwhen-brighter (BWB) trend has been confirmed for both nearby AGNs (Sakata et al. 2010 ) and quasars (Cutri et al. 1985; Wamsteker et al. 1990; Clavel et al. 1991; Giveon et al. 1999; Webb & Malkan 2000; Trèvese et al. 2001; Trèvese & Vagnetti 2002; Vanden Berk et al. 2004; Wilhite et al. 2005; Meusinger et al. 2011; Welsh et al. 2011; Sakata et al. 2011; Schmidt et al. 2012; Zuo et al. 2012; Bian et al. 2012; Ruan et al. 2014; Sun et al. 2014; Guo & Gu 2016) .
The two aforementioned disk-related mechanisms for the origin of UV/optical variability can both explain such BWB trend. A third explanation involves the contamination from the host galaxy or other more stable components (Hawkins 2003; Sakata et al. 2010) . Using SDSS photometric monitoring of 9258 spectroscopic confirmed quasars in Stripe 82, Sun et al. (2014) discovered that the color variability (the BWB trend) is more prominent on shorter timescales than on longer ones, which was coined as timescale-dependent color variability. Given the fact that neither the changing accretion rate nor contamination from host galaxy can produce timescale-dependent behavior, an inhomogeneous disk with temperature fluctuations should step in.
Based on the original model proposed by Dexter & Agol (2011 ), Cai et al. (2016 ) developed a revised inhomogeneous accretion disk model, and found that such model can well explain the observed timescaledependent color variability in Sun et al. (2014) , primarily focusing on the slope of the relation between the amplitude of color variation and the timescale. The underlying physics is the inner and hotter zones of the accretion disk fluctuate at shorter timescales, and thus produce faster and bluer variations. Studying the variation of quasars at different timescales therefore provides an approach to probe the accretion disk in a spatially resolved manner.
The UV light curves of quasars recorded by GALEX enable us to extend the study of Sun et al. (2014) to shorter wavelengths, and probe the fluctuation at the inner most accretion disk. Using quasar light curves from GALEX GR5, Welsh et al. (2011) presented the ensemble near-UV (NUV) and far-UV (FUV) structure functions of quasars in the observed frame. They demonstrated that variation in FUV is stronger than that in NUV and they both triumph over the amplitudes of optical variability, also supporting the BWB diagram. Is such BWB trend revealed by GALEX similarly timescaledependent? To address this question, the contents of this work are orchestrated as follows: Section 2 describes the data collected from GALEX archive and Section 3 makes use of the method introduced by Sun et al. (2014) to check the timescale dependence of color variability. We also present Monte-Carlo simulations to correct possible bias due to the large photometric uncertainties in the light curves. In Section 4, we give the timescaledependent color variation in different redshift bins and comparisons with the inhomogeneous model developed by Cai16. Conclusions are listed in Section 5.
2. DATA DESCRIPTION The GALaxy Evolution eXplorer (GALEX) is a spaceborne telescope working at NUV and FUV bands, offering both imaging (for almost the whole sky) and spectroscopic observations. In this paper we only make use of the photometric data in NUV (1770 ∼ 2830Å, centered at 2316Å; spatial resolution of 4.3 arcsec) and FUV (1350 ∼ 1785Å, centered at 1539Å; spatial resolution of 5.2 arcsec).
After surveying the sky for almost a decade, GALEX has accumulated more than 200 million photometric measurements (Bianchi 2014) . We cross-match GALEX data release 6/7 (GR6/7) with the SDSS DR7 spectroscopically confirmed quasar catalog (Schneider et al. 2010) , whose spectroscopic properties have been measured by Shen et al. (2011) , resulting in a preliminary sample of 83228 quasars, observed in at least one GALEX band. A match is deemed positive if the matching radius is no more than 5 arcsec, which is similar to the spatial resolution of GALEX observations. To compile a list of light curves suitable for variability study, we further reject observation epochs with GALEX exposure times less than 200 seconds or those when targets fall on the edge of the detector (more than 0.55
• off the center, as suggested by Wheatley et al. (2008) ), since under both circumstances the photometry results are generally unreliable. Observations made in survey types other than all/medium/deep sky imaging survey (AIS, MIS, DIS) are excluded, since such surveys need special pipelines to account for contamination from extended galaxies or crowded neighbors to acquire reliable photometries. It is also useful to set constraints on photometric errors to avoid outliers. To be specific, we adopt a photometric uncertainty cut of 0.1 magnitude for NUV and 0.2 for FUV (see Fig. 1 ). In the end, we require simultaneous photometric measurements in both bands for at least two epochs so as to calculate color variability. After all these steps, a catalog of 5282 quasars are chosen and used for the following analyses. The average number of observation epochs for the final sample is about 5. , t j ) form a data pair with its timescale defined as τ =| t i − t j |. In the bottom panel of Fig. 2 we plot the number of such pairs as a function of the observed timescale. Note that we do not use the rest frame timescale here, since for quasars over a large range of redshifts but monitored at the same observed timescale, the ensemble structure function would suffer from a systemic bias that at longest rest frame timescale, the data are dominated by lowest-z sources, and at shortest rest frame times scale by highest-z sources. The situation would be more complicated considering the significant gaps in the timescale of sampling (see the lowest panel of Fig. 2 ). Analyzing in the observed frame is however not affected by such bias.
Ensemble structure function
We calculate the structure function following di Clemente et al. (1996) . Taking all the data pairs contributing to the variability at a certain timescale τ , the ensemble structure function of a quasar sample is defined as
where σ i and σ j are photometric errors corresponding to magnitudes m i and m j . As stated by Vanden Berk et al. (2004), such form is more robust against the presence of outliers in the data than averaging the square of the magnitude differences. This equation conforms to the requirement of structure functions brought up in Koz lowski (2016b) and can accurately subtract the noise term. To estimate the errors of ensemble structure function, we have bootstrapped the quasar sample for 1000 times to recalculate the ensemble structure functions and take their standard deviations as the uncertainties of the structure functions. The abnormally larger error bar at timescale bin of ≃ 150 days is due to few data pairs (as shown in the bottom panel of Fig. 2 ). Aso not that due to the contamination of delayed varying emission lines, the calculated structure functions could be biased. We will dig into their effect on analysis of variability in Section 4.1. The ensemble structure functions for NUV and FUV bands are shown in the top frame of Fig. 2 , broadly consistent with those of Welsh et al. (2011) , except that the structure functions presented in Welsh et al. (2011) were calculated for a quasar sample selected to have significant variation. Thus their variation amplitudes are slightly larger than ours. Nevertheless, the structure functions of both work show variability amplitude increases as the timescale prolongs, with significantly stronger variation in FUV than in NUV. At shorter timescales (less than 10 days), quasars typically vary less than 0.1 magnitude, while for much longer timescales, variability amplitudes can be as high as 0.3 magnitude for FUV. Both structure functions tend to flatten at timescales longer than about 300 days.
Koz lowski (2016b) inspired us to fit the two structure functions using his Equation 19 introduced in the paper, to investigate possible deviation from DRW model. We slightly modify the equation by neglecting the noise term (as it has been subtracted off in our structure functions) and result in a three-parameter structure function model. The three parameters include the power index β (β = 1 for DRW process), de-correlation timescale τ c and variance at long timescale SF ∞ :
We fit our results omitting data points less than 6 days, where the structure functions show rapid drops toward shorter timescales, and would correspond to a much steeper PSD, significantly deviating from the DRW model. We note that steeper PSDs on shorter timescales (hours to months) has also been revealed in Mushotzky et al. (2011) using Kepler light curves of AGNs. Out titting shows the SF ∞ is 0.25 ± 0.01 mag for NUV and 0.33 ± 0.02 mag for FUV. And the deconvolution timescale τ c is 167 ± 46 days for NUV and 142 ± 46 days for FUV, shorter than the timescale measured for optical bands (e.g., 354 ± 168 days for r band in Koz lowski 2016b). The power index for NUV is consistent with DRW model's prediction, measured to be 1.04 ± 0.13, while for FUV, the index is 0.84 ± 0.11. Slopes of the structure functions on timescales shorter than τ c are half of β, namely, 0.52 ± 0.06 for NUV and 0.42 ± 0.05 for FUV. Be aware that these parameters were obtained in the observed frame rather than the rest frame, and special care need to be taken when comparing them with those of other works. Implications of our values will be discussed in Section 4.2. Note that the stronger variation in FUV than in NUV seen in the structure functions indeed demonstrates a BWB trend. To inspect the difference between FUV and NUV at various timescales, we introduce θ SF-ratio as
This value, similar to the θ defined by Sun et al. (2014) , can also be used to quantify the amplitude of the BWB trend. If θ SF-ratio equals 45
• , the BWB trend vanishes, and the more it deviates from 45
• , the more intense is the color variability (i.e., bluer when brighter if < 45
• , and redder when brighter if > 45
• ). The middle panel of Fig. 2 plots the dependence of θ SF-ratio on timescale, indicating stronger BWB trend at shorter timescales, similar to that reported by Sun et al. (2014) . Logically, such approach does not require simultaneous light curves in two bands as we do. We note that although the ratio of the structure functions between two bands also reflect the timescale dependence of the color variation in quasars, during this process any information of simultaneous observations in two bands were lost. Below we will derive θ following the direct approach raised by Sun et al. (2014) and compare with θ SF-ratio .
Timescale-dependent color variability of quasars
The procedures to calculate θ and the interpretation on it have been detailed in Sun et al. (2014) . Here we will briefly introduce the relevant equations used. Individual θ for all observational data pairs is defined as
Some of them need to be transformed so as to fall into the range of [−45
In this way they can be statistically averaged over a certain timescale bin to indicate color variability:θ
Here N represents the number of data pairs for the timescale bin. The derived θ(τ ) is plotted in the upper panel of Fig. 3 . In Sun et al. (2014) , only data pairs with variation > 3σ between two epochs were adopted to avoid possible bias induced by the photometric uncertainties. In this work, due to the larger photometric errors of GALEX light curves comparing with SDSS (see Fig. 1 ), we only exclude data pairs with variation < 1σ in order to keep sufficient number of pairs, and perform Monte-Carlo simulations to correct the possible bias owing to the large photometric errors. We note that θ can be easily transformed into the ratio of magnitude variation in two bands (∆m F UV /∆m N UV in this work), and such quantity measures the BWB trend equally (e.g. Schmidt et al. 2012 ). However, as we shown in Sun et al. (2014) , θ behaves better as it spans a limited range and can be easily averaged, while ∆m F UV /∆m N UV can reach infinity due to photometric noise. Nevertheless, we plot as well the ∆m F UV /∆m N UV derived from the averaged θ in the corresponding figures.
3.3. Simulations to retrieve the intrinsic color variation The bias to the measurement of θ due to photometric uncertainties is nontrivial, especially when the photometric errors are comparable to or even larger than the amplitude of intrinsic variation. In case of no intrinsic variation, θ would be determined by the ratio of the independent photometric errors in two bands. As pointed out in Sun et al. (2014) , if the photometric uncertainties in the bluer band are larger than those in the redder band, the photometric errors alone can produce artificial θ smaller than 45
• even there is no intrinsic BWB trend. The effect of photometric errors is timescale-dependent, i.e., weaker at longer timescales, since the intrinsic variations are much stronger at longer timescales. While such effect could be negligible for Sun et al. (2014) , as SDSS g and r bands have rather small and comparable photometric errors, and data pairs with flux differences not dominated by intrinsic variations (< 3σ) are excluded, it is particularly important for this study as the photometric errors in GALEX bands are considerably larger than SDSS g and r bands, and more importantly larger in FUV than in NUV (see Fig. 1 and Fig. 2 in Sun et al. (2014) ).
To rectify such bias effect, we perform Monte-Carlo simulations to recover the intrinsic value of θ. We start from the observed FUV structure function to simulate FUV variations at various timescales. The FUV magnitude differences follow a normal distribution with zero mean and variance equaling to the observed FUV structure function value at given timescale. Once assuming the intrinsic color variability quantified by a constant input θ int , the NUV variations are given by
This method rests upon the assumption that variations in two bands occur in phase, which is supported by the short time delays (hours or even shorter for FUV and NUV) between bands for nearby Seyfert galaxies, as mentioned in the introduction. We further add randomized Gaussian errors to ∆m NUV and ∆m FUV , respectively, with the variance of the errors randomly drawn from the real observed photometric uncertainties within the corresponding timescale bins. Note that a factor of √ 2 needs to be considered to account for error propagation of magnitude differences.
Based on the simulated magnitude differences, we plot the output θ versus timescale for different input values in the upper panel of Fig. 3 . We see that for constant input θs ( 20 • ), the simulated output θs clearly show artificial timescale dependence, particularly at very short timescales. This is the direct reflection of the bias effect caused by large photometric errors. We also notice that the simulated θ can be larger than the input intrinsic one, contrary to previous inference. This is the bias effect introduced by the averaging range we adopted([−45
• , 135
• ]), which would drag the mean θ values towards 45
• . The directly calculated θ − τ relation is over-plotted as well, however showing steeper slope comparing with the simulated relations. This indicates that the artificial effect of photometric uncertainties alone can not explain the observed θ − τ relation. Using the simulated relations between input θ int and output θ demonstrated as dotted lines in the top panel of Fig. 3 , the bias-corrected θ corresponding to the GALEX observed θ can be easily retrieved.
In the lower panel of Fig. 3 , the bias-corrected θ − τ is over-plotted as blue squares connected by a blue dashed line. We see no strong difference between the bias- Figure 3 . This figure shows how the correction is done to the GALEX observed θ. The green solid line with filled circles in both panels indicates the θ directly calculated from GALEX observed data. The gray dotted lines with filled triangles are the simulated θs correspond to intrinsic θs fixed at 40, 35, 30, 25, 20 from up to down, respectively, while the red dash-dot one represents the simulation without intrinsic variation at all. In the lower panel, the blue dashed line with filled squares is the bias-corrected θ and the thinner grey dash-dot line is θ SF-ratio introduced in Section 3.1. θ can be effectively transformed into ∆m F U V /∆m NU V , which are also labeled.
corrected θ − τ and the observed one, except for that the former is slightly smaller and has large uncertainties especially at very short timescales. This is because such bias is only dominant at very short timescales where intrinsic variation is too weak, and at short timescales the intrinsic color variation can not be well constrained due to the large noises. We emphasize that the small difference between bias-corrected θ − τ and the directly observed one does not mean no correction is needed for future studies. The correction depends on the intrinsic θ − τ relation, the amplitudes of the intrinsic variation, and the level of photometric uncertainties. The θ SF-ratio − τ relation derived from structure functions appears to be consistent with both the bias-corrected and direct observed ones, confirming that we can use the ratio of structure functions to probe the timescale dependence of color variations.
4. DISCUSSION 4.1. Redshift dependence As having been discussed by Welsh et al. (2011 ), Sun et al. (2014 and Kokubo et al. (2014) , the presence of emission lines would differently affect the photometries of the broad bands considering the various redshifts of quasars, and further interfere the calculated properties of color variability. In the UV bandpass of quasar spectrum, the Lyα emission line around 1216Å is the most prominent one, in comparison with other possible contamination lines such as C iv, C iii] and Mg ii. We follow the tackling method used in Welsh et al. (2011) and select three redshift bins based on into which bandpass Lyα would be redshifted from the whole quasar sample. The three redshift bins are 0.11 < z 0.47 (Lyα in FUV), 0.47 < z 1.33 (Lyα in NUV) and 1.33 < z 3.5. We recalculate θs for the three redshift ranges and present them in Fig. 4 . Color variations show similar timescaledependent trend for all the redshift bins, indicating that they should be explained as the variation behavior of the continuum spectrum rather than the presence of emission lines.
Particularly, in the highest redshift bin (1.33 < z 3.5), FUV band probes extreme UV (EUV: 579 -766Å at z = 1.33) in the rest frame, and Lyα line has been redshifted out of NUV bandpass. The bottom panel of Fig. 4 clearly demonstrates that radiation of quasar EUV, blueward of the ∼ 1000Å peak in the spectral energy distribution (Shang et al. 2005) , also possesses timescaledependent BWB trend, in consistent with the common accretion disk origin of the EUV and UV/optical radiation.
Comparison with the inhomogeneous accretion disk model
The confirmation of timescale-dependent color variability in UV bands clearly demonstrates that disk instability should play a major role. As introduced in Sec- tion 1, the revised inhomogeneous disk model by Cai16 can successfully explain the timescale dependence of the color variability discovered by Sun et al. (2014) . To further explore whether the same model agrees with the observations in this work, we perform simulations of the inhomogeneous accretion disk following Cai16, and present the model predicted θ − τ relations in Fig. 4 (the grey lines). To integrate thermal radiation of the disk, the disk is divided into square-like zones in r and φ space and the logarithmic temperature of each one follows a DRW fluctuation with radius-dependent timescale (assumed to be τ ∝ r 3/2 , the choice of 3/2 is hinted from the radius-dependent thermal timescale of a standard accretion disk model (Collier & Peterson 2001; Kelly et al. 2009; Lawrence 2012) ). The simulation requires quasar parameters such as redshift, black-hole mass and Eddington ratio, which are adopted as the median values of the sample (Shen et al. 2011) , and tabulated in Table 1 .
While the observed θ − τ relation appears generally consistent with the model in the lowest redshift bin (upper panel in Fig. 4) , they are considerably steeper than the model predictions in the two higher redshift bins (middle and lower panels). To explore the reason behind this deviation, we need to look into the inhomogeneous disk model. In the model, DRW process is invoked for variability (Dexter & Agol 2011; Cai et al. 2016 ). This choice is supported by the success of fitting observed light curves, structure functions and PSDs using the DRW model (Kelly et al. 2009; Koz lowski et al. 2010; MacLeod et al. 2010; Koz lowski 2016a) . As for the inhomogeneous disk model, the simulated light curves are mixed results of various DRW processes, but they can still be well fitted with a single DRW model (Cai et al. 2016 ).
Under DRW model, the structure function has a single power law slope of 0.5 at timescale "shortward" of the characteristic timescale (the turning point). The observed SDSS ensemble structure functions of quasars in Stripe 82 indeed have slopes consistent with DRW. To be more specific, Koz lowski (2016b) reported 0.52 ± 0.06 for r band. However, GALEX FUV structure function appears much flatter (with a fitted slope of 0.292 in FUV, Welsh et al. 2011 ) than in NUV (0.439) and optical bands. Note their slopes was obtained by fitting the structure function in the timescale range significantly "shortward" of the flattening point ( ∼ 100 days; see Fig. 7 of Welsh et al. 2011) , and thus the flatness can not be simply attributed to the smaller characteristic timescales. And our work results in 0.52 for NUV and 0.42 for FUV. Solid deviation emerges again at least for FUV. In line with the discrepancy between the observed θ − τ relations and the inhomogeneous disk model based on DRW (see Fig. 4 ), this instead suggests that the fluctuation in the inner most accretions disk, where UV radiation is produced, deviates from DRW.
At comparable timescales (from weeks to months), the X-ray power spectral density (PSD) of AGNs are known to be flatter (PSD ∼ f −1 , e.g. Uttley et al. 2002; Markowitz et al. 2003; McHardy et al. 2004 McHardy et al. , 2006 Shimizu & Mushotzky 2013 ) than those in the optical bands, thus can neither be described as DRW process. The slope α of the PSD is linked to the slope of SF, say γ, in the form of α = −4γ (for a detailed review, please see Koz lowski 2016b). This means the SF slope of EUV lies somewhere between 0.25 in X-ray and 0.5 in optical, as the EUV emission comes from the inner most accretion disk, much closer to the region where X-ray is produced (i.e., the corona). It is thus not surprising that its variation deviates from that of UV/optical bands, and may be closely linked with X-ray variation, which has not been considered by Cai16.
4.3.
Comparison of color variability between the two lower redshift bins It is interesting to note that the observed θ − τ relation in the lowest redshift bin is flatter than those in the two higher redshift bins, and better matches the inhomogeneous disk model (Fig. 4) . This suggests that different from EUV, rest frame FUV variations could be better modeled with DRW process, similar to optical ones. Lyα line may also play a role as it lags behind the continuum spectrum and affects the photometry for the redshift bins differently. In the lowest redshift bin, Lyα line falls into the FUV bandpass. The Lyα lag of NGC 5548 is known to be about 6 days (De Rosa et al. 2015) . Assuming that lag time correlates with bolometric luminosity in the form of τ ∝ L 0.5 bol (Sergeev et al. 2005) , the larger bolometric luminosity of the quasars in our sample (a median value of 10 45.32 for the lowest redshift bin), in comparison with 2.6 × 10 44 erg s −1 of NGC 5548 (Arav et al. 2015) , results in a typical Lyα lag of about 20 days for quasars in the lowest redshift bin. Furthermore, effect of the redshift will prolong this lag by a factor of 1 + z. At timescales shorter than the lag, Lyα's emission does not tail the variation of the continuum and tend to undermine the level of color variability, thus may yield higher θ on shorter timescales, and a flatter θ −τ relation than in higher redshift bins. Contrarily, Lyα line moves into NUV band pass in the intermediate redshift bin, and could yield a steeper θ − τ relation.
Alternatively, in the lower redshift bin where quasars have smaller luminosities, X-ray reprocessing might be non-negligible as less luminous sources have higher Xray to bolometric luminosity ratio (Strateva et al. 2005; Lusso et al. 2010; Grupe et al. 2010) . Given that the color of the reprocessing radiation could be timescale independent at timescales longer than the reprocessing lag, its presence might produce a flat θ − τ relation. To check this possibility, within each redshift bin we divide the original sample into a brighter subsample and a dimmer one (see Fig. 5 ). The division is designed to ensure that the two subsamples have consistent redshift distribution.
We present θ − τ relations for the six subsamples in Fig. 6 , where within statistical uncertainties we do not see clear systematic difference between luminous and less luminous subsamples, suggesting that the flatter θ −τ relation of quasars in the low redshift bin is unlikely simply due to their lower luminosities, or the contribution of Xray reprocessing. 5. CONCLUSIONS Making use of FUV and NUV light curves of SDSS spectroscopically confirmed quasars collected from GALEX, we confirm that the BWB trend of quasars is timescale-dependent, even in the rest frame EUV bandpass. We show that one can use the structure functions in various bands as an indirect approach to explore the timescale dependence of color variability. To better understand the cause of timescale-dependent color variability, the whole sample is divided into three redshift bins and we find clear timescale dependence of the BWB trend in all three bins. However, the observed timescaledependent trends appear too steep to be fitted with the inhomogeneous disk model based on DRW process. Together with the much flatter structure function observed in GALEX FUV (than in NUV and optical bands), these results suggest that the inner most accretion disk, where rest frame EUV radiation is emitted, fluctuates differently from DRW. Studying the rest frame EUV variability, which is more or less similar to X-ray variation in PSD slopes at timescales discussed in this work, could be highly rewarding as it probes the physics in the inner most regions of the nuclei.
ACKNOWLEDGMENT
We thank the referee for her/his careful reading of the manuscript and valuable comments which helps to improve this article substantially. We are grateful for the data set used in Welsh et al. (2011) 
